Introduction
In the CERN SPS proton synchrotron, the four accelerating cavities are of the travelling wave structure typel. The major technological advantages of this choice are on the power side; the power amplifiers, which always see a matched load, are located in a surface building where they can be easily maintained and expanded if necessary2. Moreover, the bandwidth of the travelling wave structures (±0.7 MHz at -3 dB) whose centre frequency corresponds to the transition crossing frequency (200.22 MHz) , is large enough to avoid any tuning during the acceleration cycle.
The filling time of the cavity (700 ns for a five section cavity) is only a small fraction of one machine revolution ( Unfortunately, the long delay in the system (2.3 ps) will severely limit the bandwidth and the RF feedback could hardly correct more than the n = 0 beam loading component. In order to circumvent the problem, we observe that we need a large gain G, only in the vicinity of the frequencies fRF + nfrev. Outside these bands the phase rotation due to the long delay is unimportant if the gain is made low enough. If, in addition, the total delay of the system is made exactly equal to one machine turn, the open loop phase of the feedback system is always zero for each frequency fRF ± nfrev. The two ingredients needed to make the RF feedback work for n not too small are therefore: a transfer function with comb filter shape and a total delay of one machine turn.
The transfer function of the comb filter H(jw) can be written: (4) where Aw = w -wRF, Go and K (O < K < 1) are constants. the gain of the loop is half of its maximum value in order to stay sufficiently far from the instability limit. The effect of the RF feedback is to reduce the size of the curve, and therefore to increase the beam intensity threshold, by a factor 'X' 3 for the dipole mode and X 2 for the quadrupole mode.
5. Implementation of the system (Fig. 3) The Vt signal corresponding to the four accelerating cavities is translated down in frequency by coherent mixing with fRF using two quadrature mixers. Two high pass networks following the input mixers remove the n = 0, m = 0,1,2.. components of the signal, which are taken care of by the usual amplitude and phase loops of the cavities. The comb filtering and delay functions are provided by the two identical digital filters described later.
After filtering, an RF signal is reconstructed by up mixing with the RF frequency; it is then added to the normal RF drive signal to feed the power amplifier of the feedback cavity.
Careful design of the input and output mixer circuitry provides a very good rejection (> 35 dB) of the unwanted sidebands. Rejection of the carrier is relatively unimportant, as it is automatically corrected by the cavity amplitude and phase loops. Fig. 3 Layout of the RF 6. The digital filter
The heart of the system is the digital filter, schematically displayed in Fig. 4 . It is derived from a single pole low pass recursive filter by using a memory with N locations instead of one. At every clock pulse, the contents of the memory are shifted by one location. If the sampling frequency is made equal to Nfrev, it can be shown6 that the transfer function of the filter is given by equation (4) .
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Results with beam
The RF feedback system has been used on the injection flat bottom, and around transition where the transient beam loading effect is most important. The input signals of the two digital filters represent the beam loadinR components on the RF cavities. The effect of the RF feedback is clearly demonstrated in Fig. 6 (first batch injected). The response time of the feedback (which depends upon the value of K) is only a few turns and small enough compared to one synchrotron period.
The dipole mode instabilities can be monitored using the set-up described in reference (3). They disappear completely with RF feedback ON. The overall result of the system is that the capture losses remain as low as a few percent even in the case of triple batch injection. Moreover, the suppression of the beam loading effects greatly eases the setting-up procedure of the entire RF low-level system, which behaves in a IN OFF Fig. 4 The digital filter and delay
The overall bandwidth of the electronics, ultimately limited to N frev/2 (Nyquist frequency) must be larger than the cavity bandwidth. Fig. 5 With the number of bits selected (Fig. 4) 
